Abstract. Hepatitis C virus (HCV) infection induces not only chronic liver disease, but also extrahepatic manifestations such as thyroid disease and oral cancer. Thyroid dysfunction is also a complication known to be associated with interferon (IFN) therapy for HCV infection. We report on a 69-year-old Japanese man who developed Graves' ophthalmopathy and tongue cancer (malignant transformation of leukoplakia) while receiving peg-interferon (Peg-IFN) α-2b and ribavirin (RBV) treatment for chronic hepatitis C. This patient had no history of thyroid disease before the combination therapy, but did have bilateral leukoplakia of the tongue. The leukoplakia lesions did not change until 20 weeks after the start of the combination therapy, and ophthalmopathy was not diagnosed until 47 weeks later. As ophthalmopathy is considered to be a severe adverse event induced by Peg-IFN α-2b plus RBV, therapy was discontinued after 47 weeks. The patient received a partial glossectomy to remove the malignant neoplasm as well as extraocular muscle surgery for the ophthalmopathy, and was treated with an antithyroid agent and steroids. In conclusion, it is necessary to clinically examine organs other than the liver in patients with HCV infection.
Introduction
Hepatitis C virus (HCV) frequently causes persistent infection, which leads to chronic liver disease and hepatocellular carcinoma (HCC). HCV-related HCC represents 80% of all HCC cases in Japan (1) and primary liver cancer, 95% of which is HCC-related, ranks third in men and fifth in women as the cause of death from malignant neoplasms. Interferon (IFN) α monotherapy for chronic hepatitis C infection leads to a sustained virological response in only 10-15% of HCVinfected patients (2, 3) . A substantial improvement in response of approximately 2-fold over IFN monotherapy was noted using the combination of IFN α plus ribavirin (RBV) (4, 5) . Recently, a combination treatment of peg-interferon (Peg-IFN) plus RBV has been adopted as standard care for patients with chronic hepatitis C, as it is associated with significant improvements in the rate of sustained virological response (50%) as compared to IFN α plus RBV or Peg-IFN α alone (6) .
HCV infection has also been associated with extrahepatic manifestations and immune-mediated phenomena (7), including mixed cryoglobulinemia (8) , thyroid disease (9), Sjögren's syndrome (10) , porphyria cutanea tarda (11) , lichen planus (12), oral cancer (13, 14) and type 2 diabetes mellitus (15) . The incidence of HCV infection in oral squamous cell carcinoma in Japanese patients has been reported as being 16.7-24.0% (13, 14) .
The side effects of IFN therapy for HCV have been well documented (16, 17) . Flu-like symptoms such as fever, chills, muscle ache, nausea, vomiting and fatigue are common side effects of treatment. Depression and related symptoms, such as anxiety, irritability, insomnia and mental confusion, are not rare and, in patients with a previous history, may be significant. Withdrawal rates in IFN-based combination studies due to side effects have ranged from 6 to 7% (5 Graves' ophthalmopathy and tongue cancer complicated by peg-interferon α-2b and ribavirin therapy for chronic hepatitis C: A case report and review of the literature of underlying autoimmune diseases and the development of a variety of organ-and non-organ-specific autoantibodies (18) . Auto-immune thyroid disease is a common side effect of IFN treatment of viral hepatitis C, affecting 2-19% of IFN-treated patients (19) . We previously reported the case of a patient with chronic hepatitis C who developed worsening lichen planus lesions during treatment with IFN plus RBV (20) , and the case of a patient who developed oral cancer after IFN therapy (21) . We now describe a patient with chronic hepatitis C infection who developed hyperthyroidism, Graves' ophthalmopathy and malignant transformation of tongue leukoplakia during combination therapy with Peg-IFN α-2b and RBV. This patient was treated successfully.
Case report
A 67-year-old Japanese man, diagnosed in 1998 with chronic hepatitis C, consulted the Digestive Disease Center of Kurume University on June 6, 2003 for treatment of his chronic liver disease. The patient had received a right upper lobectomy for lung tuberculosis at the age of 23 (in 1958), and had been administered blood transfusions of 600 ml during the procedure. Hypertension was noted at the age of 67, and antihypertensive treatment was started at 68. Hemangioma of the right middle finger was diagnosed at 69. For 20 years, he smoked 50 cigarettes a day, though he had not smoked for the last 30 years. His alcohol consumption was 500 ml of beer daily for 49 years. His family history was non-contributory.
Periodic blood tests and abdominal ultrasound exams were conducted by a hepatologist at Kurume University. As the patient's aminotransferase levels were in the normal range, he was monitored regularly for chronic hepatitis C. On July 30, 2004 , at the age of 69, his aminotransferase levels were found to be elevated and a liver biopsy revealed chronic active hepatitis, diagnosed as F2A2 according to the new Inuyama classification (22) . As of June 14, 2005 , for a period of 1-3 months, the patient was treated by a family doctor with a combination of peg-IFN α-2b (Peg-Intron ® ; Schering-Plough, Kenilworth, NJ, USA) (40-100 μg/week) plus RBV (Rebetol ® ; Schering-Plough) (300-800 mg/day). During this time, he was examined by a hepatologist once.
At the start of Peg-IFN α-2b plus RBV therapy, laboratory data regarding hepatitis virus markers indicated that the patient was negative for hepatitis B surface antigen (HBsAg), but positive for HCV antibody (anti-HCV) and HCV RNA. Both free thyroxine (FT 4 ) and thyroid stimulating hormone (TSH) levels before Peg-IFN plus RBA therapy were within normal ranges (Table I) .
In March 2006, while undergoing Peg-IFN plus RBV therapy, the patient experienced double vision. He did not consult a family doctor or a hepatologist, but was examined by an ophthalmologist, and then by a neurosurgeon who prescribed magnetic resonance imaging (MRI) followed by a neurological examination at Kurume University Hospital on Table I . Laboratory data of patient with hepatitis C virus infection at the time of admission for Peg-IFN and RBV therapy. 
antibodies (TgAb), 8.5 IU/ml (normal value <9). Anti-TSH receptor antibodies [TSH receptor antibody (TRAb), 19 .7% (normal value <15); thyroid stimulating antibody (TSAb), 139% (normal value <180); human TSH receptor antibody (hTRAb), 7.0 IU/l (normal value <1.0)] were positive. He had bilateral ocular disorders of supraduction and abduction, with bilateral conjunctival injection and periorbital edema. There was no tachycardia or exophthalmos (right, 12 mm; left, 12 mm). The size of the thyroid was normal according to ultrasonography. He was diagnosed with Graves' disease with ophthalmopathy by an endocrinologist. Table II shows laboratory data upon admission for Graves' ophthalmopathy, which was classified as IIa, IVc using the American Thyroid Association classification system for orbital changes in Graves' ophthalmopathy (23) , with a clinical activity score of 3 (24) . MRI of the orbits showed conspicuous enlargement of the bilateral inferior rectus muscles (Fig. 1) . As these manifestations were regarded as a severe adverse event of Peg-IFN plus RBV therapy, the combined therapy was discontinued on May 2, 2006.
Thiamazole (Mercazole ® ; Chugai Pharmaceutical Co., Ltd., Tokyo, Japan) (15 mg/day), an anti-thyroid drug, was administered as of May 19, 2006 . After 4 weeks, the thyroid functions of the patient had normalized, but his ocular symptoms persisted. Consequently, methylprednisolone sodium succinate (Solu-Medrol ® ; Pfizer Inc., Tokyo, Japan) (1000 mg/day for 3 successive days, 3 courses) was started on July 11, 2006 as a steroid pulse therapy. Thiamazole dosage was reduced and terminated on August 12, 2006. The treatment was followed by oral prednisolone (Predonine ® ; Shionogi & Co., Ltd., Osaka, Japan) (20 mg daily) as of August 4, which was discontinued on October 15, 2006. Thyroid function improved and orbital edema and conjunctival injection were no longer apparent, but the double vision remained. The patient underwent extraocular muscle surgery on November 25, 2006. Fig. 2 illustrates the clinical course of the patient. Table II . Laboratory data of patient with hepatitis C virus infection at time of admission for Graves' ophthalmopathy. Figure 1 . MRI of the orbits shows conspicuous enlargement of the bilateral inferior rectus muscles before steroid pulse therapy (coronal view). 
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The patient had symmetrically-located pre-cancerous leukoplakia on both lateral surfaces of the tongue before combination therapy with Peg-IFN α-2b plus RBV (Fig. 3) . Cytodiagnosis of the tongue showed no evidence of malignancy, and the patient did not notice the lingual leukoplakia until they were discovered by us. The leukoplakia lesions remained unaltered during the combination therapy and for 20 weeks after it srarted. The patient did not have regular checkups after November 15, 2005 but, in April 2006, became aware of a mass at the right base of the tongue. Upon examination on May 9, 2006 , the presence of a superficial mass on the right lateral surface of the tongue was confirmed. The mass measured 7 mm x 8 mm, had a granular surface and a hard-ened area, and was without pain (Fig. 4A) . The Peg-IFN plus RBV therapy, which had been administered for 47 weeks, was stopped on May 2, 2006. The mass exhibited a tendency for enhancement (Fig. 4B) , and there was no induration of the tumoral circumference and dysfunction. No cervical lymph node metastasis was detected. After a diagnosis of squamous cell carcinoma of the right tongue (T1N0M0, stage I), tumor resection of the tongue was performed at the Department of Otolaryngology of the Kurume University School of Medicine on June 6, 2006.
During Peg-IFN plus RBV therapy, the patient developed Graves' ophthalmopathy due to hyperthyroidism and tongue cancer resulting from oral leukoplakia. Serum HCV RNA was negative 6 months after the therapy ended, and the case was judged to be one of sustained virological response. Since that time, the patient has been monitored regularly by a hepatologist, an oral surgeon, an otolaryngologist, an endocrinologist and an ophthalmologist. To date, there has been no local recurrence of tongue cancer or late metastasis, and no double vision.
Discussion
IFN therapy for chronic HCV infection has been associated with thyroid dysfunction. The incidence of thyroid dysfunction ranges from 0.6 to 34.3% (25, 26) with a mean of 6.6% (27) , while in patients treated with IFN α and RBV combination therapy the incidence is higher (12.1%) (28) . Recent research indicates that Peg-IFN in combination with RBV does not aggravate thyroid disease in the hepatitis C population (29) .
Hypothyroidism is induced more frequently than hyperthyroidism during IFN therapy (3.8 vs. 2.8%), and females appear to be more susceptible to IFN-induced thyroid disorders than males (8.2 vs. 4.8%) (27) . Factors predictive of dysthyroidism include female gender and the presence of thyroid autoantibodies before IFN treatment (27, 30) . TPOAb is considered to be more useful than TgAb in monitoring immunological response in patients treated with IFN (31). Koh et al reported that the risk of developing thyroid dysfunction in thyroid antibody-positive patients appears to be 46.1%, whereas only 5% of those who are thyroid antibodynegative at baseline develop thyroid dysfunction (27) . They conclude that risk factors for developing thyroid dysfunction with IFN therapy are female gender, receipt of higher doses of IFN for longer durations, and the presence of thyroid autoantibodies prior to or during treatment. However, based on 138 eyes in 105 cases treated with eyelid surgery for Graves' ophthalmopathy, Inoue et al reports that the percentage of men with thyroid dysfunction increases as patients age (32) .
As shown in Table III , few reported cases of Graves' ophthalmopathy have developed or been exacerbated following IFN treatment for hepatitis C (33) (34) (35) (36) (37) . The mechanisms by which IFN induces thyroid autoimmunity remain unknown, but infectious agents have long been suspected to trigger thyroid autoimmunity, and HCV has shown the strongest association with autoimmune thyroid disease (38) . HCV induces thyroid disease as an extrahepatic manifestation (9) . Negativestrand HCV RNA has also been detected in the thyroid (39) . IFN receptor activity results in the activation of the JAK-STAT pathway, leading to the activation of numerous IFN-stimulated genes. These effects can induce thyroid autoimmunity, and recent data have suggested that both the immune-mediated and direct thyroid-toxic effects of IFN play a role in its etiology (38) . Our previous study found that the expression of thyrotropin receptor (TSH-R) mRNA in orbital fat tissue from patients with Graves' ophthalmopathy significantly correlated with orbital fat volume and the severity of ophthalmopathy (40) . These results suggest that the expression of TSH-R in the orbit may play a role in the pathogenesis and clinical manifestations of ophthalmopathy.
Because the symptoms of hypothyroidism, such as fatigue, decreased appetite and depression, and the symptoms of hyperthyroidism, such as nervousness, irritability, fatigue and weight loss, can both be attributed to hepatitis C under IFN therapy, the diagnosis of thyroid disease in these patients may be delayed. This in turn may lead to the development of adverse effects induced by HCV therapy (38) .
Our previous large-scale epidemiological survey showed that the incidence of oral pre-cancerous lesions and leukoplakia Table III . Cases of Graves' ophthalmopathy associated with IFN treatment for hepatitis C. 
was significantly higher in patients with HCV infection (41) . Oral leukoplakia are well established as one of the best examples of pre-malignancy in humans. The rate of malignant transformation of these lesions is 3-20% (42). Furthermore, our study suggests the presence and elevation of HCV RNA in oral cancer and OLP tissues (43) . Multi-center studies in Japan found that the presence of anti-HCV and HCV RNA was significantly higher in patients with squamous cell carcinoma of the head and neck than in control subjects (14) . It has also been demonstrated that oral cancer patients often have carcinoma of the stomach (18%) and liver cancer (16%) as double cancers. Double-cancer patients have significantly higher HCV infection rates than controls (44) . In the present case, the patient developed malignant transformation of leukoplakia after testing negative for HCV RNA during Peg-IFN plus RBV therapy. Whether the therapy was the trigger for malignant transformation is unknown.
In conclusion, our patient had Graves' ophthalmopathy, a rare side effect of IFN therapy for hepatitis C, and tongue cancer during Peg-IFN plus RBV therapy. To the best of our knowledge, this is the fifth case of ophthalmopathy newlyinduced by IFN therapy (33) (34) (35) (36) . Thyroid function and preexisting thyroid autoantibodies should be closely monitored for chronic hepatitis C with IFN therapy. In addition, when patients with HCV infection undergo follow-up, it is important to detect extrahepatic lesions early, refer the patient to specialists and start treatment earlier as well. Finally, we emphasize that medical professionals should perform regular follow-ups, including specialized clinical examinations, on patients with HCV infection.
